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, , – ,
. ,
, Reynolds ($Re=\Gamma/\nu\gg 1,$ $\Gamma$ : , $\nu$ : )




1 – , . $OX_{1}X2-\mathrm{x}_{3}$
, $X_{1}$ . $\overline{U}$ , $X_{2}$
, $\overline{U}=SX_{2}\hat{X}_{1}$ . , $S(>0)$ – ,
$X_{i}$ $\hat{X}_{i}$ $(i=1,2,3)$. , ,
$\overline{\Omega}=\nabla\cross\overline{U}=-S\hat{X}_{3}$ , $\lambda_{3}^{r}$ . , $X_{1}$ , $X_{2}$ $X_{3}$
, , , . , ,
. , ,
, .
$O$ , , . ,
, – .
2.1
2 $Ox_{1}x2x3$ ( , ) .
. , $ox_{1}x_{23}x$ $X_{1}$
$\beta$ , $X_{3}$ . , $X_{1}$
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$oX_{1}X_{23}x$ , $x_{3}$ $\alpha$ ,
$X_{1}$ $X_{2}$ $x_{1}$ , $x_{2}$ . $\alpha$ $\beta$ , $x_{1}$
– . – $\langle$ , $0\leq\alpha<\pi$
\mbox{\boldmath $\pi$}/2 $\leq\beta<\pi/2$ $\alpha$ , $\beta$ . $a=0$
, $\beta=-\pi/2$ $X_{2}=0$ .
$OX_{1}X2X3$ $(V_{1}, V_{2}, V_{3})$ ,
$Ox_{1^{X}23}X$ $(v_{1}, v_{2,3}v)$
$V_{i}=$ j v3 $(i=1,2,3)$ (2.1)
.


















, $P$ . (2.5) rot ,
$\partial_{t}\omega+(u\cdot\nabla)\omega=[(\omega+2\Omega)\cdot\nabla]u-2\mathrm{d}t\Omega+U\nabla 2\omega$ (2.8)
. , $\omega=\nabla \mathrm{x}u$ .
, – :
$u=\overline{u}+u’,$ $\omega=\overline{\omega}+\omega’$ . (29)
$\overline{u}=\overline{U}-\Omega\cross x,$ $\overline{\omega}=\overline{\Omega}-2\Omega$ (2.10)
– . (2.9) (2.5), (2.8) , $\overline{u}$
$\overline{\omega}$ $\overline{p}=$ const. (2.5) (2.8) ,
$\partial_{t}u_{;}’+(u_{j}^{l}+\overline{u}_{j})\partial_{j}u’i=(\epsilon_{ijk}\Omega_{k}-sM_{1}iM2j)u_{j}’-\partial_{ip’}+\nu\nabla^{2}u_{i}’(i=1,2,3)$ , (2.11)
$\partial_{t}\omega_{i}’+(u_{\mathrm{j}}’+\overline{u}j)\partial_{j}\omega=(\dot{|}\epsilon ijk\Omega l+skM_{1i}M2j)\omega_{j}+’(\omega^{\prime s\mathrm{J}f}j-3j)\partial_{ji}u+\nu\nabla 2\omega_{\mathrm{i}}’1(i=1,2,3)(2.12)$
. , $\overline{u}_{j}=SM_{1j2k}Mx_{k}+\epsilon_{jkl}x_{k\uparrow}\Omega(j=1,2,3)$ – .
$\overline{u}_{2}$ $\overline{u}_{3}$ $x_{1}$ , $u’$ $\omega’$ –
$\overline{u}_{2}$ $\overline{u}_{3}$ . $\Omega$
$\Omega_{1}=0$ , $\Omega_{2}=0$ , $\Omega_{3}=-S$ sm2 $\alpha\cos\beta$ (2.13)
, (2.4) $\beta$ – , $\alpha$
$\alpha=\arctan(\frac{1}{\cot\alpha_{0}+st\cos\beta})$ (2.14)
. , $\alpha_{0}$ $t=0$ $\alpha$ . , $(X_{1}, X_{2})$





, , $u’,$ $\omega’$ $p’$ ,
$\partial_{t}\omega_{1}’-\frac{\partial(\psi,\omega_{1}’)}{\partial(x_{2},x_{3})}-S$ siin $\alpha(\cos\alpha\cos\beta x2-\sin\beta x_{3})\partial 2\omega’1$
$=S\gamma’(t)\omega s\prime 1^{-}\xi(t)\partial 3u^{;}1+\nu\nabla^{2}\omega_{1}’$ , (2.15)
$\partial_{t}u_{1^{-\frac{\partial(^{\psi}\prime u’)1}{\partial(x_{2}’,x_{3})}-}}’s\sin\alpha(\cos\alpha\cos\beta x_{2^{-}}\sin\beta_{X_{3})\partial u_{1}}21$
$=-s_{\mathrm{Y},()u_{1}’}t-S(\cos\alpha\sin\beta\partial_{2}+\cos\beta\partial_{3})\psi+\nu\nabla^{2}u_{1}^{l}$ (2.16)
$\omega_{1}’$ $u_{1}’$ . , $\psi(u_{2}’=\partial_{3}\psi, u_{3}’=-\partial_{2}\psi)$




, $\nabla^{2}=\partial_{2}^{2}+\partial_{3}^{2}$ . (2.15) , –
$\omega_{j}’\partial_{j}u_{1}’$ . (2.15)
2 , 8 – . 1
– , 2 ,
$\mathrm{S}\cos^{2}\alpha\cos\beta\partial_{31}u^{l}$ , – -SCOS\beta \partial 3
$-S\sin\alpha \mathrm{c}2\mathrm{o}\mathrm{s}\beta\partial 3u^{1}1$
’ . 8 , $\alpha\neq 0$ , $\alpha\neq$
$\pi/2$ , $\beta\neq-\pi/2$ , –
. (2.15), (2.16) ,
$\omega_{2}’\equiv\partial_{313}u_{1^{-\partial u’}}’=\partial_{3}u_{1}’,$ $\omega_{3}’\equiv\partial 1u’-2\partial 2u^{;}1=-\partial_{2}u_{1}’$ (2.18)
.
, , $(r, \theta)$ , $(x_{2}=r\cos\theta, x_{3}=r\sin\theta)$
, Lundgren (1982) :




$T= \frac{\sin\alpha_{0}}{2s_{\cos}\beta}[\cot\alpha[cosec]\alpha-\cot\alpha 0[cosec]\alpha_{0}+\ln(\frac{\cot\alpha+[cosec]\alpha}{\cot\alpha_{0}+[cosec]\alpha_{0}})]$ (2.21)
. $\alpha=0$ $\beta=-\pi/2$ , $A(t)\equiv 1$ , $R=r$,
$T=t$ . , $A(t)\geq 0$ , $T$ $t$
. , (2.16) 2 , $u_{1}’$
$u_{1}=u_{1}’+S\cos\beta X_{2^{-}}S\cos\alpha\sin\beta x3$ (2.22)
120
. , $\partial_{3}u_{1}$ \partial 2 $u_{1}$ , $\omega$ $x_{2}$
$x_{3}$ .
(2.15), (2.16) ,




$\nabla_{R}^{2}=\partial_{R}^{2}+\frac{1}{R}\partial_{R}+\frac{1}{R^{2}}\partial_{\theta}^{2}$ , $\lambda(t)=-\hat{x}_{1}\cdot\hat{X}_{3}=-\sin\alpha\sin\beta$ (2.26)
, $L_{1}$ $L_{2}$
$L_{1}= \frac{1}{2A(t)}[\gamma(t)(\sin 2\theta\partial_{\theta}-R\cos 2\theta\partial_{R})-\lambda(t)(\cos 2\theta\partial_{\theta}+R\sin 2\theta\partial R-\partial_{\theta})]$ , (2.27)
$L_{2}= \frac{\xi(t)}{RA(t)^{5}/2}(\cos\theta\partial\theta+R\sin\theta\partial R)$ (2.28)
. ($\alpha=0$ $\beta=$
$-\pi/2)$ , (2.24) $SL_{2}u$ $-2S\gamma(t)\lambda(t)/A(t)^{2}$ . ,
$\omega$ $u$ , . Pearson &Aber-
nathy (1984) Moore (1985) –
, , $\alpha=0$ .
3. $Re\gg 1$ $ST\ll 1$
$T=0$ – $\Gamma$ ,
. $\omega$ $u$
$\omega|_{T=0}=\frac{\Gamma}{\pi}\frac{\delta(R)}{R},$ $u|_{T=0}=SR$ Realli$f\infty^{\mathrm{e}^{-\mathrm{i}\theta}}$ ] (3.1)
.
$f_{\infty}=-\cos\alpha_{0}\sin\beta-\mathrm{i}\cos\beta=-D\mathrm{e}^{1\varphi_{0}}$ , (3.2)





$\epsilon=\frac{1}{2\pi Re}=\frac{\nu}{\Gamma}\ll 1$ (3.5)
. , Reynolds $(\epsilon\ll 1)$ $(ST\ll 1)$ , (2.24)
(2.25) .
3.1
(2.24) (2.25) , $S$ $\nu$ . 1
. $*$ .
, $\omega^{*}$ $\psi*$ , $\Gamma$ .
1
Vaxiables $\tau*$ $R^{*}$ $\omega^{*}$ $\psi*$ $u^{*}$
$\underline{\mathrm{U}\mathrm{U}\mathrm{n}\mathrm{i}\mathrm{t}\mathrm{s}1/s(\mathcal{U}/s)^{1}/2\epsilon^{-1}s(=\Gamma S/\nu)\epsilon-1\nu(=\Gamma)(\nu S)^{1}/2}$
1 (2.24), (2.25) , $*$





[$(3.6)$ , (3.7) ] , [ $(3.6),$ (3.7)
] . , (3.6) (3.7)
$\omega=\omega^{(0)}+\omega+\omega+\mathrm{t}1)(2)\ldots,$ $\psi=\psi^{()()(}0+\psi 1+\psi 2)+\cdots,$ $u=u^{(0)}+u^{()}1+u+(2)\ldots$ (38)
. (3.6), (3.7)
. , $\omega^{(j)}=-\nabla_{R}^{2}\psi^{(j)}$ $(j=0,1,2, \cdots)$ . (3.8)
, $\omega^{(0)}$ $\psi^{(0)}$ * $u^{(0)}$
. , $\omega^{(j)}$ $\psi^{(j)}(j=1,2, \cdots)$ ,









, . (3.1) (3.9)
$\omega^{(0)}=\overline{4\pi\tau}^{\mathrm{e}^{-\eta}}12$ (3.12)







. , ’ $\eta$ . (3.15) ,
$f(\eta)$ $\eta=0$ $f(\infty)=-D\mathrm{e}^{\mathrm{i}_{\varphi 0}}$ . $\eta\ll Re^{-1/2}$
,
$f( \eta)=c_{0}[1-\frac{\mathrm{i}Re}{8}\eta^{2}+(\frac{\mathrm{i}Re}{24}-\frac{Re^{2}}{192})\eta^{4}+\cdots]$ (3.16)
. Moore $(_{\backslash }1985)$ ,
( $\alpha=0$ ), (3.15) – . Moore
WKB (Wentzel-Kramers-Br louin) $Re\gg 1$ , (3.16)
$c0$ . , Moore $c_{0}$ ,
Reynolds
$c_{0}=- \frac{1}{2}(\frac{\pi}{2})^{1/2}D\mathrm{e}(\varphi 0-\pi/2)Re\exp[Re(\mathrm{e}^{3}/4\mathrm{l}1\pi \mathrm{i}R\mathrm{n}e\mathrm{i}/21/4+\mathrm{e}^{3\pi \mathrm{i}/4}\mu+\rho)]$ (3.17)
.




$\omega_{2}=A(t)^{-}1/2\partial 3u_{1}=A(t)^{-}1/2\mathrm{R}\mathrm{e}\mathrm{a}1[f+\frac{1}{2}\eta f’-\frac{1}{2}\eta f^{\prime-}\mathrm{e}\mathrm{i}_{2\theta}]$ , (3.19)
$iv_{3}=-A(t)^{-1}/2 \partial 2u_{1}=A(t)^{-1}/2\mathrm{I}\mathrm{m}\mathrm{a}\mathrm{g}[f+\frac{1}{2}\eta f^{;}+\frac{1}{2}\eta f’\mathrm{e}^{-\mathrm{i}_{2}}]\theta$ (3.20)
$\eta=0$ $A(t)^{-}1/2|C_{0}|$ . (3.17)
$c_{0}$ $Re$ , $Re\gg 1$
. , , ,
, . ,
,
(\S 4.2 3 ).
34
, (3.11) . $\psi^{(0)}$
$T$ , $\tau\ll 1$
$\psi^{(1)}(R, \theta, \tau)=\tau\psi(1,1)(\eta, \theta)+\tau^{2}\psi^{(1}’ 2)(\eta, \theta)+\cdots$ (3.21)
$T$ 1 . , ,
$\omega^{(1,j1)}-=-\frac{1}{T^{j-1}}\nabla_{R}^{2}(\tau j\psi^{(1,j}))=-\frac{1}{4}\nabla_{\eta}^{2}\psi^{(1,j})(j=1,2, \cdots)$ (3.22)
,
$\omega^{(1)}(R, \theta, \tau)=\omega^{(1,0)}(\eta, \theta)+T\omega^{(1,1)}(\eta, \theta)+\cdots$ (3.23)
$T$ $0$ .
$\nabla_{\eta}^{2}=\partial^{2}+\frac{1}{\eta}\partial_{\eta}+\eta\frac{1}{\eta^{2}}\partial_{\theta}2$. (3.24)
. $T\ll 1$ , $L_{1}$
$\frac{\gamma}{A}=\gamma_{0}+\gamma_{1}T+\cdots$ , $\frac{\lambda}{A}=\lambda_{0}+\lambda_{1}T+\cdots$ (3.25)
Taylor .
$\gamma_{0}=\cos\alpha_{00^{\mathrm{c}\mathrm{o}}}\sin\alpha \mathrm{s}\beta$ , $\gamma_{1}=\sin^{2}\alpha 0(1-3\cos\alpha_{0})22\beta \mathrm{c}\mathrm{o}\mathrm{s}$ , (3.26)
$\lambda_{0}=-\sin\alpha_{0}\sin\beta$, $\lambda_{1}=2\cos\alpha_{0^{\mathrm{s}\mathrm{i}\alpha \mathrm{c}\mathrm{o}}}\mathrm{n}^{2}0\mathrm{s}\beta\sin\beta$ (3.27)





$+\epsilon L_{11}\omega(0,0)+\epsilon^{2}L_{20}u(0,0)-\epsilon 22\gamma 0\lambda_{0}$ (3.29)
.
$\omega^{(0,0)}=T\omega^{(0)}=\mathrm{e}^{-\eta^{2}}/4\gamma_{\iota},$ $u^{(0,0)}=u^{(0)}/R=\mathrm{R}\mathrm{e}\mathrm{a}\mathrm{l}[\mathrm{i}f(\eta)\mathrm{e}-\mathrm{i}_{\theta}]$, (3.30)
$L_{10}= \frac{1}{2}[\gamma \mathrm{o}(\sin 2\theta\partial_{\theta}-\eta\cos 2\theta\partial_{\eta})-\lambda_{0(\mathrm{c}\mathrm{o}}\mathrm{s}2\theta\partial\theta+\eta\sin 2\theta\partial-\eta)\partial_{\theta}]$, (3.31)
$L_{11}= \frac{1}{2}[\gamma_{1}(\sin 2\theta\partial\theta^{-}\eta\cos 2\theta\partial_{\eta})-\lambda 1(\cos 2\theta\partial\theta+\eta\sin 2\theta\partial-\eta)\partial_{\theta}]$ , (3.32)
$L_{20}=\xi_{0}[\cos\theta\partial_{\theta}+\mathrm{s}\mathrm{i}11\theta(1+\eta\partial_{\eta})],$ $\xi_{0}=2\sin^{2}\alpha_{0}\cos\beta$ (3.33)
.
$\omega^{(0,0)}$ $\psi^{(0)}$ $\theta$ , (3.28)
$\frac{1}{4\eta}\partial_{\theta}[\frac{1}{4}(\partial_{\eta}\psi^{(0)})\nabla^{2}\psi\eta+(1,1)(\partial\omega^{(0)})\eta 0,\psi(1,1)]=-\epsilon\frac{1}{8}\eta\partial_{\eta}\nabla_{\eta}^{2}\psi(1,1)$
$- \epsilon\frac{1}{16}\nabla_{\eta}^{4}\psi^{(}1,1)+\epsilon\frac{1}{2}B_{0}.\eta(\partial_{\eta}\omega)(0,0)\mathrm{R}\mathrm{e}\mathrm{a}1[\mathrm{e}^{\mathrm{i}}(2\theta+\emptyset 0)]$ (3.34)
.
$B_{0}=(\gamma_{0}^{2}+\lambda_{0}^{2})^{1}/2$ , $\phi_{0}--\arctan(-\frac{\lambda_{0}}{\gamma_{0}})$ (3.35)




. , $F_{1}(\eta)$ $\eta=0$ , $\etaarrow\infty$ $F_{1}(\eta)$





. (3.39) , (\eta ) $\equiv 0$
. – , $\epsilon$
$\mathrm{R}\mathrm{e}\mathrm{a}1[F_{1}1(\eta)]\equiv 0,$ $\mathrm{I}\mathrm{m}\mathrm{a}\mathrm{g}[F_{1}1(\eta)]=-B0f_{1}(\eta)$ (3.40)
, $f_{1}$
$f_{1}’’+ \frac{1}{\eta}f_{1}^{;}-\frac{4}{\eta^{2}}f_{1}=\frac{4\eta^{2}}{\mathrm{e}^{\eta^{2}}-1}(\eta^{2}-f1)$ (3.41)
. (3.41) , Moffatt, Kida&Ohkitani (1994) Burgers
Reynolds – .
$\omega^{(1,0)}=-\frac{1}{4}\nabla_{\eta}^{2}\psi^{(1,1})=-\epsilon\Omega B0\sin(2\theta+\phi 0)+O(\epsilon)2$ (3.42)
$.C-\doteqdot\check{\chi}\text{ }\gamma\iota \text{ }$ . $arrow\vee\dagger_{}^{\vee}$
$\Omega(\eta)=\frac{\eta^{2}}{\mathrm{e}^{\eta^{2}}-1}(\eta^{2}-f1)$ (3.43)
, Moffatt, Kida&Ohkitani $\omega^{(1,0)}$ 4






$+ \epsilon^{2}\frac{1}{2}\xi_{0}\eta \mathrm{R}\mathrm{e}\mathrm{a}1[f\prime \mathrm{e}-^{\mathrm{i}2}\theta]+\epsilon^{2}\frac{1}{2}\xi_{0}\mathrm{R}\mathrm{e}\mathrm{a}1[2f+\eta f’]+\epsilon^{2}2\gamma_{0}\lambda 0$ (3.44)
.





$+ \frac{\mathrm{i}}{\pi}[\frac{1-\mathrm{e}^{-\eta^{2}}}{\eta^{2}}(F_{2}’’+\frac{1}{\eta}F_{2^{-}2)}’\frac{4}{\eta^{2}}F+4\mathrm{e}^{-\eta^{2}}F_{2}]=-\epsilon\frac{4}{\pi}B_{1}\mathrm{e}^{-}\eta^{2}\mathrm{e}+\eta\epsilon^{2}8\phi_{1}-2\xi_{0}\eta f\mathrm{i};,$ $(3.47)$
126
$M_{1}’’+(2 \eta+\frac{1}{\eta})M_{1^{-}}’4M_{1}=2\mathrm{R}\mathrm{e}\mathrm{a}1[\xi_{0}(2f+\eta f’)-4\gamma_{0}\lambda_{0}]$ (3.48)
. , $\eta=0$ , $\etaarrow\infty$
. , $G_{1}(\eta)$
$- \frac{1}{4}\nabla_{\eta}^{2}G_{1}=\epsilon M_{1}(\eta)$ (3.49)
.
(3.47) 2 $f’$ $Re$ , $\epsilon$
. , $\eta\ll 1$ $f’$ $Re$
,
. , $\epsilon\ll 1$
$F_{2}=F_{20}+\epsilon F_{21}+\cdots$ , (3.50)
. (3.47) $\epsilon^{0}$ (3.39) – ,
$F_{20}(\eta)\equiv 0$ . , $\epsilon$ $f_{1}$
$F_{21}(\eta)=\mathrm{i}B_{1}\mathrm{e}^{-\mathrm{i}_{\phi_{1}}}f_{1}(\eta)$ (3.51)
. , .
, (3.48) . (3.48) 1






, $c_{a}$ , $c_{b}$ . $Re\gg 1$ , (3.53) $\eta\ll$
$Re^{-1/2}$
$M_{1}\sim 2\gamma_{0}\lambda_{0b\eta}+c_{a}-c]\mathrm{n}$ (3.56)
, $\eta=0$ $M_{1}$ , $c_{b}=0$ . - , $\eta\gg Re^{1/2}$






$\omega^{(1,1)}=-\epsilon B_{1}\Omega(\eta)\sin(2\theta+\varphi_{1}’)+\epsilon M_{1}(\eta)+O(\epsilon^{2})$ (3.59)
.
, , , –
$\omega^{(1)}$ (3.42) (3.59)
$\omega^{(1)}=-\epsilon\Omega(\eta)[B0^{\mathrm{S}}\mathrm{i}_{1}1(2\theta+\phi 0)+TB_{1}\sin(2\theta+\emptyset 1)]+\epsilon\tau M1(\eta)+o(\epsilon)2$ (3.60)
. $\eta-=0$ $\omega^{(1)}$ , $\Omega(0)=0$ ,
(3.56), (3.58)
$\omega^{(1)}|_{\eta=0}=2T\epsilon\gamma 0\lambda 0+O(\epsilon)2\sim T\partial_{T}[\epsilon A(t)\lambda 0-\epsilon\lambda(t)]|\tau=0$ (3.61)
. (3.61) $\epsilon\lambda(t)$ – ( (2.26)
), $\epsilon A(t)\lambda_{0}-\epsilon\lambda(t)$ Taylor 1 ( $0$ )









, $\omega_{0},$ $r_{0}$ , , . , $\Gamma=\pi\omega_{0}r^{2}0$
. - , , $(u_{1}’=0)$ .
(2.18) ,
.
, $(\omega_{0}, r_{0})$ , $(\alpha, \beta)$ . ,
$r_{0}=6.22(\mathcal{U}/S)^{1/2}$ . ,
, $\omega_{0}=3S$ $\omega_{0}=30S$
. , . (3.4)
, $Re=58.1,581$ .
128
, $\beta=\pm 45^{O}$ ,
$\alpha=54.7356^{o}$ . , , $\hat{X}_{1}+\hat{x}_{2}\pm\hat{X}_{3}$
. , $(X_{1}, X_{2})$ $(\beta<0^{o})$ , $(\beta>0^{o})$
cyclone, anti-cyclone . 2 ,
neutral ( $\alpha=45^{o},$ $\beta=0^{o},\hat{X}_{1}+\hat{X}_{2}$ ) .
$\alpha$ . , $St=3$ $\alpha$ , neutral
$14.0^{O}$ , cyclonic anti-cyclonic $19.5^{O}$ . \S 2. , $\beta$
. ) , 2
, 8 $St=0$ 5 .
2
4.2
, , \S 3
. $\alpha,$ $\beta$ ,
. , $Re=581$ . \S 3
, $t\ll 1$ , , , $O(1)$




$SL_{2}u$ . , (3.42)
, $\eta\ll 1$ ,
$SL_{1}\omega$ .
$\omega_{1}’(t)=\omega_{1}+(0)(1)\omega 1$ (4.2)
$\omega_{1}^{(0)}=\frac{\Gamma}{\pi r_{0}(t)^{2}}e^{-\eta^{2}},$ $\omega_{1}^{(1)}=A(t)\overline{\Omega}_{1}(0)-\overline{\Omega}_{1}(t)$ (4.3)
.
$r_{0}(t)=( \frac{r_{0}^{2}+4\nu T(t)}{A(t)})^{1/2}$ (4.4)
, $t$ . $\eta=r/r_{0}(t)$ ,
, \S 3 $\eta=R/2T^{1/2}$ . , $T(t),$ $A(t)$ ,
(2.19), (2.20) , ,
. $\omega_{1}^{(0)}$ , (3.12) . - , $\omega_{1}^{(1)}$
129
$\overline{\Omega}_{1}$ , (3.48)
(3.61) . $\omega_{1}^{(0)},$ $\omega_{1}^{(1)}$ ,





3 , $St=3$ $\sqrt{\omega_{2}^{2}+\omega_{3}^{2}}$ neutral
. (a) $(2 \pi\cross\frac{128}{1024})^{2}$
, (b) . $x_{2}$ , $x_{3}$ ,
. $\sqrt{\omega_{2}^{2}+\omega_{3}^{2}}\geq 2.5S$, ,
$\sqrt{\omega_{2}^{2}+\omega_{3}^{2}}\approx\sqrt{\overline{\Omega}_{2^{+\overline{\Omega}_{3}}}^{22}}=1S$ . 3





, (Moore 1985, \S 3.3).
, , , – $(-X_{3})$













, , cyclonic, neutral,
anti-cyclonic . Neutral
,
$45^{O}$ , , $(\alpha,\mathcal{B})-=$
$(45^{O}, 00)$ . , anticyclone
cyclone cyclone 4 $\omega_{1}’(r=\mathrm{u})$
.
$(X_{1}, X_{2})$ . - , (2.15),
(2.16) $X_{3}arrow-X_{3}$ , , $x_{3},$ $\beta,$ $u_{3}’,$ $\omega_{1}’(\psi)$




, anti-cyclone , cyclone ,
anti-cyclone . , cyclonic
, . , Jim\’enez &Moin (1991)
’ ’
. , , cyclonic
, .
4 , $St$ , (4.2) -
. , ,
. , 5 ,
, . ,
.
, $\omega_{1}’$ . 5 $\omega_{1}’$ $\theta$
, .
( $5\mathrm{a}$ ) $\omega_{1}-\omega_{1}^{(0)}$ , ( $5\mathrm{b}$ ) (3.48)
. , , cyclonic, neutral, anti-cyclonic . ,
$\omega_{1}^{(1)}$ , $2\lambda_{0}\gamma \mathrm{o}$ ( (3.61) ) ,
. ,
$2\lambda_{0}\gamma_{0}$ . $\omega_{1}’$
, . , ,
cyclone , anti-cyclone . - ,
131
, . ( , )
$\mathrm{e}^{-\eta^{2}}$ , , $\omega_{1}’<0$ .
$\omega_{1}’$ , $\omega_{2}$
. $\omega_{2}$ , 5 6 . , –
$\overline{\Omega}_{2}=\cos\alpha\sin\beta$ . -
. , $\omega_{2}$ . 3
, , $\text{ _{}-}$
, $\omega_{3}<0$ .
$\omega_{2}$
$\text{ ^{}\mathrm{Q}}-$ . (2.15) , $\omega_{1}’$
$\omega_{2}$ . $(\omega_{1}’<0)$ , $\omega_{2},$ $\omega_{1}’$
, .
$Q$
$\omega_{1}’$ $\omega_{2}$ – .















. cyclone , anti-cyclone
.
(iii) ,
, $\omega_{1}’>0(\omega_{1}’<0)$ , $\omega_{2}>0(\omega_{2}<0)$ .
(2.15) , ,
$\omega_{1}’$ . .
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